A comparison of packaging materials for wet biological evidence by Lake, Anneliese Elizabeth
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2015
A comparison of packaging
materials for wet biological
evidence
https://hdl.handle.net/2144/16136
Boston University
  
 
 
BOSTON UNIVERSITY 
SCHOOL OF MEDICINE 
 
Thesis 
 
A COMPARISON OF PACKAGING MATERIALS FOR WET BIOLOGICAL 
EVIDENCE 
 
by 
 
ANNELIESE ELIZABETH LAKE 
B.S., Western New England University, 2013 
 
 
Submitted in partial fulfillment of the 
requirements for the degree of 
Master of Science 
2015 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 © 2015 by 
 ANNELIESE ELIZABETH LAKE 
All rights reserved 
 
  
 
 
Approved by 
 
 
 
First Reader  
 Amy N. Brodeur, M.F.S. 
Instructor, Program in Biomedical Forensic Sciences  
 Department of Anatomy & Neurobiology 
  
  
Second Reader  
 Kevin R. Kosiorek, M.S. 
Adjunct Instructor, Biomedical Forensic Sciences 
Criminalist IV, Boston Police Department Crime Laboratory 
  
  
  
Third Reader  
 Erik Savicke, M.S. 
Criminalist II, Boston Police Department Latent Print Unit  
 
 
 
 
 
  
iv 
ACKNOWLEDGMENTS 
 I would like to express my deep gratitude to Professor Amy Brodeur, my research 
supervisor, for her guidance and encouragement throughout this process, as well as the 
other two members of my committee, Kevin Kosiorek and Erik Savicke for their helpful 
critiques. Appreciation is given to Caitlyn Taveria, for her assistance in analyzing the DNA 
for this research, and Lauren Alfonse, for her assistance in interpreting the DNA data. 
Furthermore, this would not have been possible without entire faculty, staff, and students 
of the Boston University Biomedical Forensic Sciences Program. Finally, I would like to 
thank my friends and family for their support during this study.   
 
  
  
v 
 
A COMPARISON OF PACKAGING MATERIALS FOR WET BIOLOGICAL 
EVIDENCE 
ANNELIESE ELIZABETH LAKE 
ABSTRACT 
When considering what packaging material is optimal for a piece of biological 
evidence there are two vital things to consider: degradation and contamination (1). 
Biological evidence collected from a crime scene is brought to the laboratory, however, 
immediate testing upon arrival is highly unlikely (2). Therefore, the packaging must be 
suitable for transportation as well as storage. During the storage phase, if improper 
packaging is utilized, degradation and/or contamination could occur. 
General forensic practice is to dry biological samples before packaging, then 
package the evidence in a paper (breathable) container. This study investigated the use of 
kraft stock envelopes, plastic bags, glassine envelopes, Tyvek envelopes, evidence/syringe 
tubes, knife pouches, and Cap-Shure® plastic swab caps to package wet blood and semen 
samples. The packaging materials were evaluated in a humidity study, degradation study, 
and transfer study to determine if the biological specimen would remain intact and 
contained within the packaging.  
In the humidity study, it was determined that the kraft paper, glassine paper, and 
Tyvek® allowed for the passage of moisture, enabling the enclosed sample to readily dry. 
The plastic bag, evidence tube, and knife pouch created a difference in relative humidity 
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above 20%, thus increasing the ambient moisture concentration the samples were exposed 
to. In the degradation study, all samples were positive for their respective biological 
substance when tested with screening, presumptive, and confirmatory methods, however, 
bacteria were observed on samples that were packaged in plastic bags evidence tubes, and 
plastic caps. Additionally, only one sample, packaged in an evidence tube, yielded a DNA 
degradation index that implied degradation had occurred.  
The packaging materials were also tested to determine if the biological fluid would 
transfer through them, permitting cross-contamination. The kraft paper and one glassine 
paper did not provide a true barrier, as blood transferred through the envelopes onto a 
surrounding surface. The Tyvek®, knife pouch, and plastic bag all kept the wet blood 
contained within the package and no transfer to the surrounding surfaces occurred, 
although bloodstains on the interior of the Tyvek® and knife pouch could be visualized 
from the exterior.  Overall, Tyvek® envelopes were determined to be an optimal packaging 
material for wet biological samples when compared to the other packaging materials used 
in this limited study due to their relative strength, ability to allow fluids to air dry and the 
lack of penetration of wet blood to the exterior surface.   
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1. Introduction 
1.1 Biological Evidence 
Biological material recovered from a crime scene can be the most important 
evidence used in solving the case. Although biological evidence is likely to be found at the 
scene of a violent crime, such as a homicide or sexual assault, some may also be found at 
the scene of a breaking and entering or on the envelope of a threatening note. Many 
protocols are available and new techniques are being sought out for the optimization of the 
identification and testing of such biological samples, so they may be further analyzed for 
deoxyribonucleic acid (DNA). In contrast, such movement is not as evident for the ways 
in which crime scene units and laboratories should store their evidence samples, a matter 
that could greatly affect such testing. Therefore, being able to maintain the integrity of 
biological samples from the time of collection to the final testing process has an equally 
high importance.  
Biological evidence is largely an umbrella term, as it encompasses all items that 
have a biological make up or any evidence that contains biological material (3). Therefore, 
there is a large array of things that a crime scene investigator and/or a forensic biologist 
must be prepared to collect and package when at a crime scene. For example, a crime scene 
could have blood soaked carpet, along with a hardwood floor with dried semen stains and 
loose hairs.  Each of these three types of biological evidence would require a different 
collection method, and the optimal packaging material would likely differ as well.  
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1.2 Packaging Materials 
When considering what packaging material is optimal for a type of biological 
evidence there are two vital things to consider: degradation and contamination (1). 
Biological evidence collected from a crime scene is brought to the laboratory, however, 
immediate testing upon arrival is highly unlikely (2). Therefore, the packaging must be 
suitable for transportation as well as storage. During the storage phase, if improper 
packaging is utilized, degradation and/or contamination could occur. 
 
1.2.1 Current Guidelines 
Although each agency and laboratory will have its own standard operating 
procedures on how to package biological evidence, there is a fairly general structure that 
is followed. The Technical Working Group on Biological Evidence Preservation 
(TWGBEP) released a handbook on the best practices for biological evidence preservation 
in 2013. This handbook outlines recommended procedures for packaging and storing 
biological evidence from the initial collection and packaging until its final disposition (3).    
One of the most common practices is to dry all biological evidence prior to 
packaging, excluding some samples obtained from a medical office or directly at the crime 
laboratory, such as drawn blood. However, some samples cannot be readily dried before 
packaging and/or transport is necessary. These samples, as stated by TWGBEP, should be 
placed in a plastic bag to avoid the wet biologic on that item from transferring to another 
piece of evidence, which could lead to cross-contamination of other items or surfaces. This 
suggestion is given with the caveat that if the wet sample remains in this packaging long-
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term, the chance of fungal and/or bacterial growth is likely. However, it is also stated that 
long-term storage may be acceptable if there is a desiccant placed in the plastic bag with 
the wet item or if a breathable plastic is used. The handbook emphasizes that drying wet 
biological samples should be the first task accomplished post-collection and improper 
drying could result in degradation. Furthermore, once an item of evidence is dry, it should 
be packaged in a paper bag or similarly breathable container. This will not only allow the 
item to fully dry if it still contains moisture at the time of packaging, but will also eliminate 
the possibility of condensation forming (1, 3).  
 
1.2.2 Packaging Materials Marketed for Forensic Use 
There are a number of forensic supply companies that manufacture and/or sell 
packaging materials for forensic use. On one supplier website (Evident, Union Hall, VA), 
packaging materials are labeled as “Evidence Bags,” and “Evidence Containers.” Under 
evidence bags, 30 different types of evidence bags (not counting the different size 
selections) are offered, of which only five are made of traditional paper. Similarly, on the 
evidence containers page, there are 19 different types of evidence containers (not counting 
the different size selections), of which only six are made of traditional paper. Although a 
number of the products sold are described for specific use such as “Resealable Anti-Static 
Laptop Computer Bags” and “CD Cases” the majority of the items do not have such a 
distinct purpose (4). Therefore it is possible, that without the proper training, items of 
evidence could be packaged in the wrong type of packaging. Furthermore, there are 
packaging materials available that are not specifically mentioned in the TWGBEP 
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handbook.  For example, glassine envelopes are reported to be breathable by a forensic 
supplier (4), however, proper validation would be necessary before implementation in a 
forensic setting. 
 
1.3 Purpose of Study 
The purpose of this study is to evaluate various types of packaging material and 
their suitability for wet biological samples by determining if the container causes the 
sample to be susceptible to degradation and if the packaging is able to fully contain wet 
biological evidence (i.e. does not permit the fluid to soak through to the exterior). The 
packaging must be suitable for the evidence to be transferred from the scene of a crime to 
a laboratory and stored until processing takes place. As is evident from the guidelines 
mentioned earlier, one of the major concerns in packaging biological evidence is the ability 
for that evidence to dry (1, 3). It is known that moisture is a factor in decomposition (5) of 
biological materials and that water plays a large role in DNA degradation (6-9). Therefore, 
if a wet biological sample is packaged in a material that will not allow for such moisture to 
expel, it could be detrimental to the evidence.  
Degradation of DNA is not the only concern for the preservation of biological 
evidence because multiple techniques are used to identify the presence of a biological fluid 
prior to DNA testing. Many samples are subjected to presumptive screening, secondary 
screening, and confirmatory tests for body fluid identification, thus the stability of these 
identification methods was assessed prior to DNA analysis. Additionally, this study 
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examined the extent to which wet blood evidence contaminated the outside of packaging 
material, potentially allowing cross-contamination with other items to occur.  
2. MATERIALS AND METHODS 
2.1 Packaging Materials Examined in this Study 
For the purposes of this study, seven different packaging materials marketed for 
forensic use were examined. In addition to a kraft stock (paper) envelope and a plastic bag, 
which were considered controls since they are the most and least recommended packaging 
materials, respectively (1, 3), biological samples were packaged in glassine envelopes, 
Tyvek® envelopes, evidence/syringe tubes, knife pouches, and Cap-Shure® plastic swab 
caps. As these types of packaging materials are not as conventional as paper or plastic bags, 
a number of studies were conducted to determine if they were suitable for the storage of 
biological evidence.  Additionally, the packaging materials were compared to one another 
to determine if one was superior.  
 
2.1.1 Kraft Stock Envelope  
 The paper envelopes used for this study were kraft stock coin envelopes (Quality 
Park, Minneapolis, MN) measuring 3½ inches (in.) by 6½ in. (Figure 1). Each of the 
envelopes was sealed with clear plastic packaging tape.  
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2.1.2 Plastic Bag 
The plastic bags used for this study were Evidence-PRO® Security Bags (Evident, 
Union Hall, VA) measuring 5¼ in. by 8 in. (Figure 2). The bags were sealed using the 
adhesive present on the opening of the bag.  
    
Figure 1: Kraft Stock Envelope       Figure 2: Plastic Bag 
 
2.1.3 Glassine Envelope  
 The glassine envelopes (Electron Microscopy Sciences, Hatfield, PA) measured 
approximately 4 in. by 5 in. (Figure 3). Each of the envelopes was folded and placed inside 
a kraft stock envelope, except during the transfer study, in which it was sealed with clear 
plastic packaging tape.  
 Glassine is a type of greaseproof paper that has been subjected to super-calendering. 
Super-calendering is a process by which the paper is exposed to very high pressure between 
one hard roller and one that is relatively softer (10). This process gives the paper a gloss as 
well as makes it strong.  
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Figure 3: Glassine Envelope. Image to the right is the surface of the glassine envelope magnified 40x. 
 
2.1.4 Tyvek® Envelope 
 The Tyvek® envelopes (DuPont, Wilmington, DE) used for this study measured 
approximately 12 in. by 9 in. (Figure 4). Each of the envelopes was sealed with clear plastic 
packaging tape.  
 Tyvek® is a brand of spunbonded olefin, which is commonly used in construction 
applications. Spunbonded olefin is a material made from polyethylene fibers that are 
extremely thin, measuring 0.5-10 micrometers in diameter. The process of producing a 
spunbonded textile involves extruding the melted polymer into long filaments. The 
filaments are collected in a web-like formation where they do not lie in any particular 
arrangement. Additionally, because this production style forms one long filament instead 
of short staple fibers, it is less susceptible to breakage (11). Olefin is a polymer that is often 
found in exterior carpeting. It is largely made up of ethylene and propylene, sometimes 
even being referred to polyethylene or polypropylene. Olefin is known to have resistance 
to rotting and is able to withstand abuse without heavily weathering (12).  Tyvek® has a 
number of applications such as covering the exterior of a house, car coverings, and 
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protective garments. According to the manufacturer, Tyvek® is air and water resistant, yet 
it allows for the passage of water vapor (13). 
 
Figure 4: Tyvek® Envelope. Image to the right is the surface of the Tyvek® envelope magnified 40x. 
 
2.1.5 Knife Pouch  
The pouches are made from a proprietary material named MOJAVE® (Microtek, 
Columbus, MS) and measure 13 in. by 3 in. (Figure 5). MOJAVE® is a three layer sheet 
originally designed to be used as hospital linens. The top layer (the innermost layer of the 
pouch) is breathable. The middle layer is made of “super-absorbent polymers” designed to 
wick away moisture. The outermost layer is nonporous, originally designed so hospital 
mattresses would not become contaminated (14). The manufacturer suggests that the 
pouches be further packaged inside of a cardboard box (15), however in this study, each of 
the pouches were folded in half and sealed with clear plastic packaging tape. 
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Figure 5: Knife Pouch. Image to the right is the exterior surface of the Knife Pouch magnified 40x. 
 
2.1.6 Evidence Tube 
 The evidence tubes (Evident, Union Hall, VA) used are made of clear plastic. Each 
of the tubes was sealed with the black plastic end cap provided (Figure 6). The evidence 
tubes are often used for the packaging of syringes, but tubes larger than the ones in this 
study are available for packaging other items. The tube is closed at one end with a rubber 
end cap and the other end has a hard plastic stopper attached to a foam cushion. The 
manufacturer does not disclose whether or not this tube allows for air passage. One 
advantage to this packaging material is that it is made of a clear plastic that allows the 
contents to be visible without unsealing the package. 
 
2.1.7 Cap-Shure® Swabs 
The Cap-Shure® swabs (Evident, Union Hall, VA) came in an envelope-like 
wrapper that was paper on one side and plastic on the other, and consist of a clear plastic 
cap around the cotton swab tip (Figure 7). After application of the specimen, the swab was 
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closed inside the cap, then placed back inside the original wrapper and sealed with 
packaging tape.  
 
Figure 6: Evidence Tube. 
 
 
Figure 7: Cap-Shure® Swab. Image on the left is the swab inside the plastic and paper envelope, and the 
image on the right is after the swab has been removed from that envelope. 
 
2.2 Biological Sample Preparations 
 Semen and blood samples were obtained from anonymous donors in accordance 
with procedures approved by the Institutional Review Board. Cotton swabs and 4 in. by 4 
in. cotton swatches (Texwipe, Kernersville, NC) were spotted with the biological material 
for the degradation study. The samples were prepared in duplicate, and one was placed in 
a cardboard box inside the laboratory for the duration of the study, while the other was 
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placed in a cardboard box that was stored inside the cargo area of a 1998 white Dodge 
Durango for the duration of the study (Table 1). Additionally, whole bovine blood with 
EDTA was obtained to be used in the humidity study and transfer study. In each of the 
studies, after the biological sample was applied to a substrate, it was immediately placed 
inside of the packaging material. During the humidity and degradation studies, the 
packages were sealed after the stained substrate was placed inside. 
 
2.2.1 Human Semen Preparation 
Human semen was collected from the donor in a sterile specimen cup. The semen 
was diluted with distilled water to make a 1:2 dilution and a 1:5 dilution. One hundred and 
fifty microliter (µL) aliquots of the 1:2 semen dilution were spotted onto a glass surface 
and allowed to dry at room temperature. Once dry, a swab was moistened with two drops 
of distilled water (approximately 80 µL) and used to absorb the semen stain. Additionally, 
a 250 µL aliquot of the 1:5 semen dilution was spotted directly onto a cotton swatch. 
 
2.2.2 Human Blood Preparation 
Human whole blood was collected using a red top vacutainer tube that contained 
no additives or preservatives. One hundred and fifty microliter aliquots of the blood were 
spotted onto a glass surface and allowed to dry at room temperature. Once dry, a swab was 
used to absorb the bloodstain using the same method as the human semen stain. 
Additionally, a 200 µL aliquot of the blood was spotted directly onto a cotton swatch.  
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Table 1: Specimens Prepared for Degradation Study. For each of the three time variables (1 week, 3 
weeks, and 6 weeks) samples of two different biological fluids (blood and semen) were deposited on two 
different substrates (swab and swatch). The substrates were packaged in seven different packaging materials 
and were placed in two different environments (laboratory and vehicle), yielding a total of 78 blood samples 
and 78 semen samples. 
 Week 1, 3, 6 Time Intervals  V
eh
icle a
n
d
 L
a
b
o
ra
to
ry
 
Blood Semen 
Swab Swatch Swab Swatch 
Paper Paper Paper Paper 
Plastic Plastic Plastic Plastic 
Glassine Glassine Glassine Glassine 
Tyvek Tyvek Tyvek Tyvek 
Syringe tube 
Syringe 
tube Syringe tube 
Syringe 
tube 
Knife pouch 
Knife 
pouch Knife pouch 
Knife 
pouch 
Cap-Shure 
swabs   
Cap-Shure 
swabs   
 
2.2.3 Bovine Blood Preparation 
 For the humidity study, whole bovine blood containing EDTA was spotted on a 
glass surface in 30 µL aliquots and allowed to dry. A swab was used to absorb the 
bloodstain using the same method as the human semen stain. In the transfer study, 2 mL of 
the bovine blood was spotted directly onto 3 in. by 6 in. piece of a cotton washcloth. 
 
2.3 Humidity Study 
 The Cap-Shure® swabs were not utilized for the humidity study because the cap 
was too small to hold the humidity indicator. The humidity test strips (Precision 
Laboratories, Cottonwood, AZ) used for this study contained 4 test pads, each representing 
an increase of 20% relative humidity. When a test pad changes from blue to pink, it 
indicates the percentage of relative humidity in its surroundings (Figure 8). If a full pink 
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color was not developed on the pad and a light blue color was observed, the humidity was 
recorded at 10%, 30%, 50% and 70% for the 20%, 40%, 60% and 80% pads, respectively.  
 
Figure 8: Humidity Test Strips. The indicator strips used to determine the relative humidity inside of the 
packaging (16). 
 
2.3.1 Packaging Preparation 
 A rectangular cutout approximately 2½ in. by ¼ in. was cut from all of the 
packaging materials that were not inherently transparent as a means to record the relative 
humidity from the humidity strips without opening the package. The hole was sealed with 
two pieces of clear plastic tape (Figure 9). The humidity test strip was taped into place so 
that it was visible through the window and would not come in contact with the sample. The 
swab containing the blood was also taped into place so each specimen would be at 
approximatley the same distance from the humidity test strip and never come in direct 
contact with it. 
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Figure 9: Packaging Preparation. Each of the packaging materials that were not inherently transparent 
were prepared as depicted. 
 
2.3.2 Humidity Test Strip Readings 
 Once the sample was placed inside the packing material and sealed, the humidity 
strip was observed for 5 minutes continuously. After the first 5 minutes, the humidity test 
strip was read every half hour for the first 4.5 hours after packaging. Readings were then 
taken at least once a day for the next week, and again at the two-week mark. Humidity test 
strip readings were also taken from packaging material that contained a clean, dry swab to 
measure the ambient humidity when no biological fluid was present. 
 
2.4 Degradation Study 
2.4.1 Removal from Packaging 
 One week, three weeks, and six weeks after the samples were packaged, one set of 
samples was removed from the corresponding packaging materials and tested for the 
Window showing 
humidity strip  
Piece of tape 
covering window  
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presence of blood or semen. After testing was completed, the sample was returned to the 
packaging and stored in the laboratory. 
 
2.4.2 Semen Presumptive Testing 
 Each of the semen samples was observed under ambient white light for any 
discoloration of the substrate. The samples were then observed under two different 
wavelengths of light using an alternate light source to identify the semen stain via 
fluorescence. The samples were observed under a blue Crime-lite (Foster + Freeman Ltd., 
Evesham, United Kingdom) with a wavelength of 450 nanometers (nm) using an orange 
barrier filter, as well as violet light (Spex Forensics, Edison, NJ) with a wavelength of 415 
nm using a yellow barrier filter. Each sample was compared to a clean swab and clean 
swatch to eliminate the possibility mistaking any inherent fluorescence of the substrate for 
the semen stain. The outline of any stain made visible with the ALS was traced with a 
marker to identify the perimeter of the stain.  
 Additionally, each sample was tested with AP Spot Test (SERI, Richmond, CA) 
for the presence of acid phosphatase (AP). The working solution was prepared by mixing 
0.13g of the AP Spot Test premixed powder with 5 milliliters (mL) of water. The samples 
were tested by taking a ¼ cutting of the swab or by taking an approximate 1 centimeter 
square (cm2) cutting of the swatch from the edge of the stain and adding one drop of the 
AP Spot Test working solution. The cutting was observed from the addition of the solution 
until a purple color appeared or for five minutes, which ever occurred first. If a purple color 
appeared, the time of development was recorded and was considered positive for AP. If no 
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purple color was present within five minutes, the sample was considered negative for acid 
phosphatase.  
 
2.4.3 Semen Secondary Screening and Confirmatory Testing 
 A second cutting from each of the semen samples was taken to complete secondary 
screening and confirmatory testing. The cuttings were similar to those taken for the 
presumptive testing, however the one taken from the swatch was from the center of the 
stain rather than the edge. The cuttings were placed in 750 µL of the extraction buffer 
supplied with the ABAcard® p30 Test (Abacus Diagnostics, West Hills, CA) and allowed 
to extract for at least one hour while on an orbital shaker. The extractions were frozen 
overnight and allowed to equilibrate to room temperature before testing was conducted.  
 Once at room temperature, the cutting was removed from the extraction buffer and 
placed in a Costar® Spin-X® plastic centrifuge filter (Corning Life Sciences, Tewksbury, 
MA). The plastic centrifuge filter containing the cutting was placed back into the 
microcentrifuge tube that contained the extraction. The tubes were spun at 13,400 
revolutions per minute (rpm) for two minutes. Approximately 730 µL of the supernatant 
was removed from the microcentrifuge tube and placed into a new tube, leaving the pellet 
in about 20 µL of buffer.  
The supernatant was tested for the presence of prostate specific antigen (PSA), also 
known as p30. The procedure found on the technical information sheet provided with 
ABAcard® p30 immunoassay cards was used to conduct this testing (17).  
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The pellet obtained after centrifugation was resuspended in the remaining 20 µL of 
extraction buffer. A 1 cm2 box was drawn in the center of a glass microscope slide using a 
solvent resistant marker. A 3 µL aliquot of the resuspended pellet was placed in the center 
of the drawn box and spread out with a pipette tip to fill the box. The sample was then heat 
fixed to the slide using a Bunsen burner. Two drops of nuclear fast red stain were applied 
to the heat fixed sample inside the box and allowed to absorb for 15 minutes. After the 
absorption period was complete, the nuclear fast red was rinsed using a squirt bottle 
containing water, applying the stream above the box until it ran off the slide clear. Two 
drops of the counter stain, picroindigocarmine, were then applied to the heat fixed sample 
and allowed to absorb for approximately one minute. The picroindigocarmine was rinsed 
using a squirt bottle containing ethanol, applying the stream above the box until it ran off 
the slide clear. Once the surface of the slide was dry, a cover slip was applied using 
Cytoseal™ (Thermo Scientific, West Palm Beach, FL). 
After the staining process was complete the slides were observed under a compound 
microscope at 100x, 400x, and 1000x magnification for the presence of spermatozoa 
(sperm) and/or other cells present. Values were assigned to each of the slides depending 
on the average number of sperm observed (Table 2). The total number of sperm cells 
present was recorded for slides that had approximately 30 spermatozoa cells or less.  
Table 2: Ratings Given to Spermatozoa Slides. 
0 no sperm present 
1+ few sperm on entire slide; difficult to locate 
2+ at least one sperm in most fields 
3+ several sperm in most fields; easy to locate 
4+ many sperm in most fields 
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2.4.4 Blood Presumptive Testing 
Each of the blood samples was observed under ambient white light for any 
discoloration of the substrate. Each blood sample was tested for the presence of 
hemoglobin using the Kastle-Meyer Test (phenolphthalin and 3% hydrogen peroxide). The 
reduced phenolphthalin was prepared using 2g phenolphthalein, 20g sodium hydroxide, 
100mL water, 400mL ethanol and zinc granules, and was refluxed until colorless. The 
samples were tested by taking a ¼ cutting of the swab or by taking an approximate 1 cm2 
cutting of the swatch from the edge of the stain and adding one drop of phenolphthalin. 
The sample was then observed for approximately 5 seconds to ensure no positive reaction 
occurred before the addition of the oxidizer, which would result in an inconclusive reading. 
One drop of the oxidizer, hydrogen peroxide, was then added to the cutting. The cutting 
was observed after the addition of the hydrogen peroxide until a pink color appeared or for 
fifteen seconds, which ever occurred first. If a pink color appeared, the time of development 
was recorded and was considered positive for hemoglobin. If no pink color was present 
within fifteen seconds, the sample was considered negative for hemoglobin.  
 
2.4.5 Blood Confirmatory Testing 
A second cutting from each of the blood samples was taken to complete 
confirmatory testing. The cuttings were similar to those taken for the presumptive testing. 
The cuttings were placed in the extraction buffer vials that were supplied with the 
ABAcard® Hematrace Test (Abacus Diagnostics, West Hills, CA) and allowed to extract 
until the extraction buffer had a straw-like or light reddish color. The procedure found on 
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the technical information sheet provided with ABAcard® Hematrace immunoassay cards 
was followed (18).  
 
2.4.6 DNA Testing 
 All samples that were opened at week six were analyzed to determine if the DNA 
in the samples were degraded. DNA extractions were completed using the QIAamp® DNA 
Investigator Kit (Qiagen Inc., Valencia, CA). All of the reagents for the extraction were 
prepared in accordance with the QIAamp® DNA Investigator Handbook (19). The samples 
were then quantified in real time using the Quantifiler® Trio DNA Quantification Kit 
(Applied Biosystems by Life Technologies, Carlsbad, CA).  
 
2.4.6.1 Semen Extraction 
 Depending on the substrate, either a ½ swab or 1 cm by 2 cm swatch cutting was 
placed into a clean 2 mL tube for polymerase chain reaction (PCR). Twenty microliters of 
proteinase K and 500 µL of Buffer ATL were added to the sample. The contents of the tube 
were then vortexed for approximately 10 seconds and spun in a centrifuge for 
approximately 5 seconds. The tube was then placed in a 37°C water bath for one hour, 
during which time the tube was vortexed every 10 minutes, and at the end of the hour each 
tube was spun. The substrate was then removed from the tube and placed into a plastic 
centrifuge filter, which was then placed inside the 2 mL tube. The tube with the plastic 
centrifuge filter was spun for five minutes at 14,000 rpm, after which the plastic centrifuge 
filter containing the substrate was removed from the tube. Then, all but 50 µL of the 
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supernatant was removed and discarded. With only the pellet remaining in the tube, 260 
µL Buffer ATL, 10 µL proteinase K, and 10 µL 1 molar dithiothreitol (DTT) was added 
and the sample was vortexed and spun. The tube was then placed in a 56°C water bath for 
an hour, during which time the tube was vortexed every 10 minutes and at the end of the 
hour each tube was spun. Three hundred microliters of Buffer AL was added and vortexed 
to produce a homogenous solution between the buffer and the sample in the tube. The tube 
was then placed in a 70°C oven for 10 minutes, after which it was spun at 14,000 rpm for 
1 minute. One hundred and fifty microliters of 200 proof ethanol was added and the sample 
was vortexed and spun. The sample was then added to the QIAamp® MinElute column 
inside of a 2 mL collection tube, which was then spun at 8,000 rpm for 1 minute. The 
column, which did not contain any liquid, was moved to a new 2 mL collection tube, and 
the old collection tube which contained all of the flow-through liquid, was discarded. Five 
hundred microliters of Buffer AW1 was added to the column, which was then spun at 8,000 
rpm for 1 minute. The column was placed in a new collection tube and the flow through 
was discarded. Five hundred microliters of Buffer AW2 was added to the column, which 
was then spun at 8,000 rpm for 1 minute. The column was placed in a new collection tube 
and the flow through was discarded. Seven hundred microliters of 200 proof ethanol was 
added to the column, which was then spun at 8,000 rpm for 1 minute. The column was 
placed in a new collection tube and the flow through was discarded.  The column was then 
spun at 14,000 rpm for 3 minutes to dry the membrane completely. The column was then 
moved to a 1.5 mL tube, and again the collection tube containing flow-through was 
discarded. The lid of the column was then opened and allowed to incubate at room 
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temperature for 10 minutes. After this incubation, 25 µL of Buffer ATE was added to the 
center of the membrane in the column. With the lid closed, the column was allowed to 
incubate at room temperature for 1 minute, after which the column was spun at 14,000 rpm 
for 1 minute. The flow-through, contained in the 1.5 mL tube, was stored at -20°C until the 
needed for the quantification step. 
 
2.4.6.2 Blood Extraction 
 Dependent on the substrate, a ½ swab or 1cm by 2 cm swatch cutting was placed 
into a 2 mL tube that was clean for polymerase chain reaction (PCR). Ten microliters of 
proteinase K and 200 µL of Buffer ATL were added to the sample. The contents of the tube 
were then vortexed and spun. The tube was then placed in a 56°C water bath for an hour. 
After the incubation, 200 µL Buffer AL was added and the sample was vortexed and spun. 
One hundred microliters of 200 proof ethanol was then added and the sample was vortexed 
and spun. The substrate was then removed from the tube and placed into a plastic centrifuge 
filter, which was then placed inside the 2 mL tube. The tube with the column was spun for 
2 minutes at 14,000 rpm, after which the plastic centrifuge filter containing the substrate 
was removed from the tube. The sample was then added to the QIAamp® MinElute column 
inside of a 2 mL collection tube, and the same purification protocol used for the semen 
DNA extraction was followed excluding the addition of ethanol to the column and the 10 
minute incubation step.  The DNA sample was stored in the same manner as the semen 
DNA sample.  
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2.4.6.3 Quantification  
 DNA quantification was performed using the procedure in the Quantifiler® HP and 
Trio DNA Quantification Kits User Guide (20).  
 
2.4.6.4 Determination of Degradation 
To determine a degradation index (DI) for each of the samples, the concentration 
of small autosomal target DNA in ng/µL was divided by the concentration of large 
autosomal target DNA in ng/µL. The quality index interpretation chart in the Quantifiler® 
HP and Trio DNA Quantification Kits User Guide was used to determine the degradation 
of the sample (20).  
 
2.5 Transfer Study 
Once the washcloth containing blood was inside the packaging, it was placed 
between a layer of Kimwipe® (Kimberly-Clark Professional, Roswell, GA) and 4 layers 
of white bench paper, each sheet measuring 0.07 millimeters (mm) thick. A small weight, 
of approximately 1.3 pounds (lbs.), which covered the entire surface of the packaging 
material was placed on top of the outer most layer of bench paper. The Cap-Shure® swabs 
and the evidence tubes were not used for this study.  
After the weight was in place for 20 minutes, the weight was removed and each 
layer of bench paper, the Kimwipe®, and the exterior of the packing material were visually 
examined under ambient light for the presence of blood. Each layer was then examined 
with an oblique light to determine if the paper or Kimwipe® had been distorted in any way. 
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Finally, the innermost sheet of bench paper or Kimwipe® that did not have any visible 
blood was tested with the Kastle-Meyer test to determine if there was any hemoglobin 
present. 
 
3. Results and Discussion  
3.1 Humidity Study 
 The humidity study attempted to determine if the packaging materials allowed the 
samples to dry after the packaging was sealed. As advised by TWGBEP and the California 
Department of Justice, proper packaging materials for long-term storage of a biological 
sample should breathe. This is not only true for items that are packaged in the wet state but 
also those that are assumed to be dry, as it is always possible that some moisture remains 
for a prolonged period of time. Such moisture could be detrimental if it is trapped with the 
biological evidence.  
 Moisture plays a large part in bacterial and fungal growth. Many literature sources 
state that the presence of such microbial species can be hazardous to the biological sample 
(1, 3, 21). If considering larger scale degradation such as the decomposition of a body, the 
rate at which it occurs is largely related to moisture content (5). In the lack of moisture, 
bacterial growth would be very minimal, causing the body to mummify (22). A similar 
effect is seen when foods are desiccated for preservation (23). Another study, which 
investigated bacterial growth on waste products, determined that it would not occur in 
humidity levels under 20% (24). Although this study was performed on a smaller scale 
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because less than 1 mL of blood was used for each sample, the same general concepts of 
bacterial growth should apply.  
This study measured the relative humidity within the packaging materials when a 
swab containing blood was enclosed in comparison to packaging containing a clean and 
dry swab. The clean and dry swab was used as a control to determine what humidity would 
be present in the packaging if the evidence did not introduce it. The difference in relative 
humidity when the control humidity reading was subtracted from the blood sample 
humidity reading was calculated (Figure 10) in order to show how much of the humidity 
was caused solely by moisture of the sample and if the packaging allowed for any moisture 
introduced by the specimen to escape. The pouch, tube, and plastic all reached a difference 
in relative humidity of 20% or higher and therefore could have promoted bacterial growth. 
The plastic bag and plastic evidence tube reached a maximum of difference of 70% 
humidity, but it is possible that it was greater as the readings were limited to 80% humidity 
by the test strips used. It was observed that the plastic bag did not have an increase in 
humidity until 4.5 hours post-packaging, however it is likely that because the bag was lying 
flat on the laboratory bench top for the first 4 hours of testing, the moisture simply did not 
reach the indicator strip. Once the bag was repositioned upright, a large increase in 
humidity was seen within a half hour. The knife pouch had an unanticipated increase-
decrease-increase course of humidity readings. The author postulates that this could be due 
to the wicking agent used in this packaging material. It is possible that the MOJAVE™ 
inner layer wicked away the moisture so the humidity strip did not initially detect it. The 
glassine and Tyvek® packaging had a slight increase of 10% humidity but that moisture 
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was released within an hour, therefore it is likely that these conditions were not detrimental 
to the biological sample. The kraft paper packaging with the blood sample never had a 
humidity greater than what was observed with the clean and dry swab, reinforcing that it 
is an appropriate packaging material for biological evidence.   
Although the primary recommendation for packaging biological evidence is paper, 
TWGBEP also suggests the use of Tyvek® when packaging a wet sample (3). This study 
found glassine envelopes, Tyvek®, and kraft paper to all be suitable for proper moisture 
release. Something that should be noted, however, is the fact that the manufacturers of 
Tyvek® state that the material is actually air tight, but still allows the exchange of water 
vapor (13). Therefore, packaging materials that allow for the release of moisture may be a 
more appropriate description than breathable materials.  
 
Figure 10: Difference in Relative Humidity. Relative humidity readings taken from humidity strips 
packaged with clean, dry swabs subtracted from the relative humidity readings taken from the humidity strips 
packaged with the swabs that contained blood. The x-axis shows time in hours after packaging.  
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3.2 Degradation Study 
 It should be noted that each packaging, sample, substrate, environment, time period 
combination (Table 1) was only tested once for each appropriate testing method. The 
number of samples prepared was largely limited by the necessity to have fresh human body 
fluid specimens. As the goal of this study was to determine if the packaging materials had 
any detrimental effects on wet biological samples, the samples did not contain any 
preservatives or anticoagulants. It has been reported that blood preserved with 
Ethylenediaminetetraacetic acid (EDTA) had less DNA degradation than unpreserved 
blood when drying time was prolonged (25).  Therefore, a large volume sample was not 
feasible because once drawn, the blood samples needed to be spotted on the appropriate 
substrate within minutes to avoid clotting. Due to the fact that each result reported was 
based on a single test sample and not an average finding, minimal statistical analysis was 
conducted and caution should be used when considering the implications of the data. 
 
3.2.1 Environmental Conditions 
 One complete set of the specimens was placed inside of a climate-controlled 
laboratory while the other set was placed inside of a vehicle. The vehicle conditions were 
studied not only to determine what would occur if an investigator left the sample inside of 
his/her car for a prolonged time period, but also to simulate a storage facility that may not 
be climate-controlled.  
When a piece of evidence is collected and packaged at a crime scene, it may not be 
brought to the laboratory and tested immediately. In a report released by the National 
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Institute of Justice (NIJ) using data from 168 laboratories, over 100,000 cases were 
backlogged at the end of 2009 (2). NIJ defines backlogged cases as those that have not 
been tested, including DNA analysis, 30 days after being submitted to the laboratory. 
Because of this waiting period, the packaging must be suitable for the item to remain 
enclosed inside of it for a fairly long amount of time without degradation occurring. 
 
Table 3: Average Environmental Temperatures for Vehicle Samples. The average minimum and 
maximum temperatures in degrees Fahrenheit as recorded by the National Oceanic and Atmospheric 
Administration at Boston Logan International Airport. The semen samples were packaged on August 11, 
2014 and the blood samples were packaged on August 13, 2014.  
 Semen Blood 
 Max. Min. Max. Min. 
Week 1 78 ± 4.7 63 ± 1.7 76 ± 4.7 62 ± 1.7 
Week 3 78 ± 5.5 62 ±2.7 79 ± 5.5 63 ± 3.8 
Week 6 77 ± 8.1 61 ± 6.2 86 ± 8.1 60 ± 6.5 
 
The specimens were placed inside of a cardboard box and in the cargo area of a sport 
utility vehicle that was driven regularly at the time of this study. The environmental 
temperatures each of the sample groups were exposed to range between 60±6.5 and 86 ± 
8.1 degrees Fahrenheit (Table 3).  A study that examined the decomposition of human 
remains inside of cars found that the temperature in the cabin of a vehicle was almost twice 
the temperature outside of the car (26). Because of this, it is likely that the specimens were 
actually subjected to much higher temperatures than were recorded. When DNA is exposed 
to high temperatures in excess of 80°C, it is likely to denature due to the release of the 
hydrogen bonds, forming a single stranded piece of DNA. This single stranded DNA is 
more vulnerable to loss of bases via hydrolysis (6-8, 27). 
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3.2.2 Semen Primary Screening and Presumptive Tests  
The initial screening to determine if semen is present at a crime scene or on an 
evidentiary item can be done by employing four different methods: visual, physical, 
fluorescence, and chemical. The visual and physical exams are based upon the fact that the 
dried semen stain will leave the substrate looking slightly different as far as texture and 
color (28). Therefore, if the stain is left on a substrate that is not as conducive to these 
changes or the stain is more dilute, these methods may not be useful. 
 None of the stains were made with neat semen, yet they were still fairly 
concentrated. The texture of the substrates was noticeably different than the unstained 
substrate, as it was much stiffer. Additionally, the semen stain was a visible yellow color 
on the majority of the swabs, but only two stains on swatches were visible. This is not 
unforeseen due to the fact that swatches were stained with a more diluted semen sample. 
The fact that semen stains were not visible on all of the samples is not worrisome due to 
the fact that additional screening methods can be used to identify the possible presence of 
semen.  
An additional screening method to locate semen stains is fluorescence via the use 
of an alternate light source (ALS). An ALS allows for a specific wavelength of light to be 
directed at the evidentiary item. By doing so, substances such as semen may fluoresce due 
to molecules within the substance becoming excited to a higher energy level (28). 
However, the light emitted from these substances is a much longer wavelength than the 
light shone on the substance, also known as the incident light. Therefore, in order to 
visualize the emitted light, the use of a barrier filter is necessary to eliminate the incident 
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light (28-30). This does not apply when using an ultraviolet light source (30), yet clear UV-
resistant goggles are recommended for eye protection. The barrier filters used are often in 
the form of goggles worn by the operator that are yellow, orange, or red in color. The choice 
of which filter to use is generally determined by the wavelength of the incident light – as 
the wavelength gets longer, the filter should be closer to red (28-30). Therefore, many 
semen stains can be located using a non-destructive, non-invasive technique.  
ALS detection of semen can be successful on a number of substrates with different 
texture and color due to its wide excitation and emission spectrums (28-30). However, an 
analyst must be wary of the results from an ALS screening because a number of instances 
could cause a false positive or false negative result. A study found that semen stains were 
only visible at dilutions less than 1:100 (29), therefore if an item of evidence is highly 
diluted, by washing for example, it may not fluoresce. Additionally, many household 
substances contain fluorescent brighteners, or whiteners, that could be mistaken for the 
fluorescence of seminal fluid (31).  Vandenberg and Oorschot found that laundry 
detergents leave stains that are not as solid as and more powdery in appearance than a 
semen stain, yet shared a similar color under ALS and could be confused for semen stains 
(29). The present study showed, in agreement with Vandenberg and Oorschot, that the 
longer wavelength of light caused less background fluorescence with a light colored 
substrate. Fluorescent detection of semen is a good screening method, but should not be 
the final step in a forensic investigation.  
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Table 4: Fluorescence of Semen Samples. The Semen samples were qualitatively analyzed under two 
different wavelengths of light with appropriate barrier filters. A indicates observed fluorescence.   
 
Week 
1 3 6 
450& 
Orange 
415 & 
Yellow 
450& 
Orange 
415 & 
Yellow 
450& 
Orange 
415 & 
Yellow S
w
atch
 
V
eh
icle 
Kraft stock Envelope      
Plastic Bag      
Glassine Envelope      
Tyvek Envelope      
Knife Pouch      
Syringe Tube      L
ab
o
rato
ry
 
Kraft stock Envelope      
Plastic Bag      
Glassine Envelope      
Tyvek Envelope      
Knife Pouch      
Syringe Tube      S
w
ab
 
V
eh
icle 
Kraft stock Envelope      
Plastic Bag      
Glassine Envelope      
Tyvek Envelope      
Knife Pouch      
Syringe Tube      
Cap-Shure      L
ab
o
rato
ry
 
Kraft stock Envelope      
Plastic Bag      
Glassine Envelope      
Tyvek Envelope      
Knife Pouch      
Syringe Tube      
Cap-Shure      
 
All of the semen samples for this study fluoresced under both 450 nm light with 
orange goggles and 415 nm light with yellow goggles (Table 4). For the purposes of this 
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study, fluorescence was assessed on a qualitative basis and no attempts to quantify the 
intensity of the emitted light were made. There was no observable difference in 
fluorescence between the samples from different packaging materials or between the 
different time periods. Similar observations were made in a previous study (32), in which 
the emitted fluorescence remained constant up to 60 days when stored at room temperature 
once the stain was dried. The authors did find however, that a wet semen stain had a lower 
fluorescence compared to the dried stain. Due to their findings of wet stains and the 
prolonged humidity observed in this study for a number of the packaging materials, it may 
be of interest to conduct further testing to quantify if any decrease in fluorescence occurred. 
In addition to the visual, physical, and fluorescent screening methods, a chemical 
test for presence of seminal AP can be used. This is one of the most common screening 
techniques for the identification of semen (33, 34). The presence of AP does not confirm 
the presence of semen, as it is known to exist in other body fluids. Despite that, this test is 
considered a good screening method for semen because prostate secretions have a very 
high concentration of AP (35, 36). Other sources of AP include vaginal secretions, 
especially those of pregnant women (35), as they contain vaginal acid phosphatase (VAP) 
(37). Additionally, some vegetables, fungi, and contraceptive creams have been found to 
produce a positive reaction when testing for AP (37).  
In this study, AP was detected using a Brentamine Fast Blue B assay, which 
identifies AP via its catalytic hydrolysis of sodium-α-naphthyl phosphate, which then 
releases a free naphthol. The free naphthol converts o-dianisidine into a colored compound 
known as an azo-dye (38, 39).  All of the semen samples were tested for the presence of 
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AP and produced a positive color reaction within one minute (Table 5).  Hooft and Van De 
Voore found that stains that were not dried before storage had a substantial decrease in AP 
activity over time, with the majority of the decrease occurring within one day. This was 
especially true for samples that were left at room temperature and at 37°C (40). Such a 
general trend was not observed for the samples in this study as time increased. Using an 
ANOVA and Students t-test it was found that there was a significant increase in the amount 
of time for a positive reaction to occur between samples on swatches left in a vehicle tested 
at week 1 and week 3. Although this set of sample results corresponds with the findings of 
Hooft and Van De Voore, there was no significant difference between the other three 
sample sets.  
In a comparison of nine labs from the United Kingdom and Ireland, it was reported 
that there is little uniformity to the procedures used for AP testing between laboratories 
(41). For instance, the method of testing the stain frequently differed, such as whether to 
test the stain directly or prepare an extraction. One of the major issues with discrepancies 
on whether to test directly or an extraction is how dilute the sample can become. Of the 
nine laboratories, the majority of laboratories utilizing a direct testing method were able to 
detect stains that were deposited on the substrate as a 1:40 dilution. In contrast, those testing 
an extraction, with the exception of one laboratory, obtained a positive result with neat 
semen stains only. Therefore, it is possible that the samples in this study may have 
produced negative results if an extraction method was followed instead of directly testing 
the stain. Another point of interest is the fact that all of the nine laboratories in the 
comparison study used a cut-off of 2 minutes for a positive result. It was found, though, 
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that positive AP results were more likely when samples were observed for longer amounts 
of time such as 5-10 minutes (42). Samples that were tested with longer time cut offs for a 
positive result, up to 16 minutes, were still able to produce a DNA profile (43). Therefore, 
even if the samples were diluted further for testing purposes, using the longer read time of 
five minutes used in this study, it is likely that all of these samples still would have 
produced a positive color change. 
 
3.2.3 Semen Secondary Screening and Confirmatory Tests 
 In addition to AP, another protein present in semen is PSA. This protein is 
responsible for liquefying semen post-ejaculation by breaking down seminogelin I and II 
(44). Although the protein’s name suggests it is prostate specific, it has been found to exist 
in other body fluids such as breast milk, amniotic fluid (45), and adult male urine (46). 
Therefore, a more accurate designation for this protein, p30, is often used because it has a 
weight of approximately 30,000 Daltons (47).  Unlike the catalytic nature of the AP test, 
the tests used to identify the presence of p30 utilize it as an antigen. There are a number of 
such immunological assays in existence such as Ouchterlony double diffusion method, 
enzyme linked immunosorbent assay (ELISA), and commercially available lateral flow 
membrane tests (17, 46-48).  
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Table 5: Semen Testing. Semen samples were tested with AP spot test for the presence of acid phosphatase 
and the time in seconds for a positive change in color to occur was recorded. The samples were then tested 
for the presence of p30 using the Abacard® p30 test and a positive or negative result was recorded in 
accordance with the Technical Working Sheet provided with the test kit. 
   AP Testing p30 Testing 
  
Week Week 
1 3 6 1 3 6 
S
w
atch
 
V
eh
icle 
Kraft stock Envelope 2 5 7   
Plastic Bag 5 8 10   
Glassine Envelope 4 15 17   
Tyvek Envelope 5 9 16   
Knife Pouch 3 10 10   
Syringe Tube 8 13 35   L
ab
o
rato
ry
 
Kraft stock Envelope 4 10 10   
Plastic Bag 16 12 10   
Glassine Envelope 5 18 17   
Tyvek Envelope 7 15 18   
Knife Pouch 4 7 12   
Syringe Tube 6 12 8   S
w
ab
 
V
eh
icle 
Kraft stock Envelope <1 <1 1   
Plastic Bag <1 8 5   
Glassine Envelope <1 <1 7   
Tyvek Envelope 1 1 15   
Knife Pouch <1 2 2   
Syringe Tube 3 7 3   
Cap-Shure 3 2 3   
L
ab
o
rato
ry
 
Kraft stock Envelope <1 <1 1   
Plastic Bag 5 5 2   
Glassine Envelope <1 1 18   
Tyvek Envelope <1 <1 <1   
Knife Pouch 1 1 1   
Syringe Tube 4 5 2   
Cap-Shure 5 3 3   
 
The ABAcard® p30 test is a qualitative indicator of the presence of p30. This test 
utilizes dyed, mobile monoclonal antihuman p30 antibodies in its sample well that will 
attach to p30 if it is present in the sample added. The sample, along with any complexes 
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formed, will travel up the test strip and meet two different regions with immobilized 
antibodies. The first area, designated “T”, contains monoclonal antihuman p30 antibody, 
which will react with the dye-conjugated p30-antibody complex if it is present in the 
sample (17). Even though there is still a possibility of false positive results from low levels 
of p30 in body fluids other than semen, there are far less interfering substances than seen 
with the AP test (17, 49, 50).  Additionally, there is an internal control area, designated 
“C”, that contains an anti-immunoglobulin antibody, which will bind with any of the dyed 
antihuman p30 antibodies from the sample well that did not complex with a p30 molecule. 
A band forming at the “C” area shows that test itself is working, an internal control, and a 
band that forms at the “T’ area shows that a volume of 4 nanograms (ng)/mL of p30 is 
present in the sample (17).  
All semen samples examined gave a positive result for the presence of p30 (Table 
5). There were no attempts made to determine if any of the bands formed produced a 
weaker or stronger color (50), as the technical working sheet describes the test as 
qualitative. This protein has been found to be at concentrations of 200,000 to 5.5 million 
ng p30/ml semen. Because of this, the Abacard® p30 technical working sheet states that it 
should detect semen stains that are diluted up to 1 million fold (17). In a case work study, 
p30 levels in 14 stains were found to range from 30.44 ng/ml to 16,420 ng/mL, yet because 
these were from case work it is uncertain whether the stains were comprised of neat semen 
(51). However, in a study by Boward and Wilson, p30 was detected only on samples with 
dilutions less than 1:1024 (50). Regardless, these are much higher dilutions than are useful 
with the AP test, which would likely be a prerequisite to p30 testing.  
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It might be advisable to conduct p30 testing on samples that did not produce a 
positive AP result, especially when dealing with samples that may be susceptible to 
enzymatic degradation. In a study comparing the ability to identify p30 and AP in post-
coital samples, it was determined that identification of AP could be diminished as early as 
eight hours post-coitus (46). Similarly, if a specimen is packaged in a manner that would 
promote the degradation of AP, it may be advantageous to do further testing for the 
presence of p30 even when the presence of AP is not identified.  
Although AP and p30 are indicative of the presence of semen, the identification of 
spermatozoa cells in the sample is the only truly confirmatory test for semen (45, 46, 49, 
52). In fact, it is not uncommon for an analyst to move straight from AP testing to the 
identification of spermatozoa. Microscopic screening of a suspected semen sample is 
crucial even if the sample is found to contain p30 due to the fact that other body fluids (45, 
46, 49, 52) are known to contain p30 and assessing the amount of sperm present is helpful 
for downstream DNA analysis. Contrastingly, spermatozoa are cells that are only present 
in semen therefore, if they are identified, semen must be present. 
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Table 6: Microscopic Identification of Spermatozoa. Semen samples were stained with Christmas tree 
stain and examined microscopically for the presence of spermatozoa cells. A rating was given to each sample 
depending on the number of cells present. The number of spermatozoa cells present was recorded for samples 
that had around 30 cells or less; samples in excess of 200 sperm cells were given the designation >200. 
 
Week 
1 3 6 
Rating 
# of 
Sperm Rating 
# of 
Sperm Rating 
# of 
Sperm S
w
atch
 
V
eh
icle 
Kraft stock Envelope       
Plastic Bag  22  2  4 
Glassine Envelope  21  20  12 
Tyvek Envelope  >200  1  24 
Knife Pouch  39  16  12 
Syringe Tube  15  4  1 L
ab
o
rato
ry
 
Kraft stock Envelope  27  3  1 
Plastic Bag  20  2  8 
Glassine Envelope  28  13  4 
Tyvek Envelope  20  17  14 
Knife Pouch  16  32  1 
Syringe Tube  15  1  20 S
w
ab
 
V
eh
icle 
Kraft stock Envelope  >200  >200  >200 
Plastic Bag  >200  >200  >200 
Glassine Envelope  >200  >200  >200 
Tyvek Envelope  >200  >200  >200 
Knife Pouch  >200  >200  >200 
Syringe Tube  >200  >200  >200 
Cap-Shure  16  >200  >200 L
ab
o
rato
ry
 
Kraft stock Envelope  >200  >200  >200 
Plastic Bag  >200  >200  >200 
Glassine Envelope  >200  >200  >200 
Tyvek Envelope  >200  >200  >200 
Knife Pouch  >200  >200  >200 
Syringe Tube  >200  5  >200 
Cap-Shure  >200  >200  >200 
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There are a number of known methods to visualize the presence of spermatozoa in 
a sample, such as phase contrast microscopy, hematoxylin-eosin staining and Christmas 
tree staining (52, 53). For the purpose of this study, the Christmas tree stain was utilized 
and the samples were observed under 100x, 400x, and 1000x magnification. The Christmas 
tree stain is made up of two stains, nuclear fast red which stains the heads red and 
picroindigocarmine which stains the tails green (52).  
Each of the samples had identifiable spermatozoa cells. The semen stains on the 
swabs had a lower dilution factor (higher concentration) than the swatches, which is likely 
the explanation for the larger number of sperm observed. Additionally, the method of 
collecting the samples on to the swabs make the sample denser in a smaller area, versus 
the swatch which contained a more spread out stain. Therefore, it is not surprising that 
taking a ¼ swab cutting had more sperm cells than a 1 cm2 cutting from the swatch. There 
was no trend observed in the number of sperm present when comparing the packaging 
types, how long the sample was packaged, or the environment to which it was exposed.  
While scanning the semen extracts from samples packaged in plastic bags and 
evidence tubes, apparent bacteria cells were observed. It was found that these two types of 
packaging had the highest relative humidity contained within them. This finding directly 
corresponds to the TWGBEP handbook, which states that plastic bags cannot be used for 
long-term storage of wet items since there is a possibility for bacterial growth (3). Possible 
bacteria were also observed on the extraction from the swab that contained the Cap-Shure® 
covering that was packaged in the vehicle for six weeks. The bacteria in these extracts were 
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simply observed under microscopy, and no microbial studies were done to determine what 
type of bacteria was present.  
  
Figure 11: Bacteria Present in Semen Extracts. (A) Semen sample on a swab in plastic at room temperature 
for six weeks, (B) semen sample on a swab in an evidence tube stored in the vehicle for six weeks, (C) semen 
sample on a swab in a Cap-Shure® covering stored in the vehicle for six weeks. 
Although the presence of spermatozoa is irrefutable confirmation of semen, there 
are semen samples that do not contain any spermatozoa. Such cases include semen from 
men who suffer from azoospermia from disease or trauma, men who have been 
vasectomized, and in some cases, men who suffer from alcoholism (54, 55). In such cases, 
the AP and p30 test results become much more important. Therefore, even though for the 
majority of semen samples microscopic identification holds the most weight, it is still 
imperative that the AP and p30 levels remain detectable.  
 
3.2.4 Blood Presumptive Tests 
 As with semen, one of the first screening methods for the presence of blood is a 
visual examination. Blood has a characteristic red-brown color that can easily be observed 
on a number of substrates. However, if blood is suspected to be on a dark substrate, visually 
identifying the stain may be more difficult. Another reason a bloodstain may not be readily 
identifiable is if it is comprised of a blood sample that is diluted with a substance of a 
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lighter or different color. The substrates for this study were both white and neat blood 
samples were used, therefore it was extremely easy to define the area of the stain. In 
addition to the stain not being visible, there is a high possibility of getting false positive 
with a visual examination because many other substances share a similar color. Again, a 
visual exam should not be the final examination completed.  
Beyond the visual exam, blood is identified by utilizing the peroxidase-like activity 
of hemoglobin. The test utilizes a reduced form of a chemical that, upon the addition of a 
peroxide and a peroxidase, oxidizes to a specific colored product. There are a number of 
catalytic tests that do this including: benzidine, orthotolidine, tetramethylbenzidine, 
leucomalachite green, luminol, and the Kastle-Meyer test (56, 57).  For the purpose of this 
study, all of the blood samples were tested with the Kastle-Meyer test. The Kastle-Meyer 
test utilizes the chemical phenolphthalin, which is often used as a pH indicator. For this 
reaction, it is oxidized by hydrogen peroxide in the presence of hemoglobin to the pink 
form known as phenolphthalein (58).  
None of the samples tested in this study took more than 1 second to produce a 
positive color change. This method has previously been found to produce a positive result 
with samples at a dilution rage of 1:10000-1:1000000 when the stain was tested directly 
(56). There was no literature found describing the sensitivity of the Kastle-Meyer test on 
aged bloodstains, or if the enzymatic properties of hemoglobin were susceptible to 
degradation with improper storage. From this study it does not appear that any degradation 
of the hemoglobin occurred, since the time for a positive result remained the same for all 
samples.  
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Although it seems unlikely that this test would produce a false negative result due 
to its high sensitivity, a negative result is possible if the item tested has come in contact 
with a strong reducing agent. One reducing agent that has been previously tested is ascorbic 
acid. This diminished the sensitivity of the Kastle-Meyer test, as it was only able to detect 
samples at dilutions lower than 1:2000 (59). This presumptive test is also susceptible to 
false positive results. As mentioned, phenolphthalin/phenolphthalein is often used as a pH 
indicator (58). Therefore, applying phenolphthalin to a basic substance could produce a 
color change. The utilization of the two-step method helps to eliminate these interferences, 
as the color change would occur before the addition of the peroxide. Additionally, because 
this test identifies hemoglobin via its peroxidase-like activity, it is possible that any other 
substance with a peroxidase could cause a positive result as well. One study did not find 
any of the vegetables tested to produce a positive color change within 20 seconds (56), but 
another reported positive results with green bean, potato, and horseradish (60).  Because of 
the number of false results possible with this test, a confirmatory test is suggested to follow 
this test before DNA analysis.    
 
3.2.5 Blood Confirmatory Tests 
 Unlike the tests for semen, blood presumptive and confirmatory tests often identify 
the same component of blood, hemoglobin. One type of confirmatory test for the presence 
of hemoglobin is a crystal test, which forms characteristically shaped crystal derivatives of 
hemoglobin. However, the Teichmann and Takayama crystal tests require a relatively long 
amount of time to perform and human error can easily cause false negative results. 
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Additionally, these tests simply identify the presence of blood (61), therefore, a positive 
result would still be obtained with animal blood. Due to these issues, a confirmatory test 
that has a higher sensitivity for human blood and is less prone to user error was utilized.  
The confirmatory test utilized for this study was the AbaCard® HemaTrace® 
immunoassay membrane test. This test is very similar to the AbaCard® p30 test used to 
identify semen (as described in section 3.1.2) but instead of using antibodies that bind with 
human p30, the antibodies on this test’s membrane are antihuman hemoglobin. 
Each of the samples tested produced a positive result with the AbaCard® 
HemaTrace® test. Again there was no attempt made to quantify the results as the technical 
working sheet advises that the test is qualitative in nature. The test has been found to be 
exclusive for human hemoglobin with the exception of cross reactivity with primate and 
ferret blood (18).  
An important fact to remember is that the presumptive and confirmatory tests used 
to test for blood in this study test for a component of red blood cells, which do not contain 
any DNA. Therefore, by simply testing for the presence of hemoglobin one can confirm 
the presence of blood, but no information is gained about whether useable DNA is present. 
In one study, it was found that DNA profiles could be obtained from a number of samples 
that produced a negative result with the AbaCard® HemaTrace® test when investigating 
different dilutions and washing procedures (62). Alternatively, the opposite could be true 
if the sample is exposed to something that is damaging to the DNA, but not the hemoglobin.  
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Table 7: Blood Testing. Blood samples were tested with the Kastle-Meyer test for the presence of 
hemoglobin and the time in seconds for a positive change in color to occur was recorded. The samples were 
then tested for the presence of human hemoglobin using the Abacard® HemaTrace test and a positive or 
negative result was recorded in accordance with the Technical Working Sheet provided with the test kit. 
   
Kastle- Meyer 
Testing 
HemaTrace 
Testing 
  
Week Week 
1 3 6 1 3 6 
S
w
atch
 
V
eh
icle 
Kraft stock Envelope <1 <1 <1   
Plastic Bag <1 <1 <1   
Glassine Envelope <1 <1 <1   
Tyvek Envelope <1 <1 <1   
Knife Pouch <1 <1 <1   
Syringe Tube <1 <1 <1   L
ab
o
rato
ry
 
Kraft stock Envelope <1 <1 <1   
Plastic Bag <1 <1 <1   
Glassine Envelope <1 <1 <1   
Tyvek Envelope <1 <1 <1   
Knife Pouch <1 <1 <1   
Syringe Tube <1 <1 <1   S
w
ab
 
V
eh
icle 
Kraft stock Envelope <1 <1 <1   
Plastic Bag <1 <1 <1   
Glassine Envelope <1 <1 <1   
Tyvek Envelope <1 <1 <1   
Knife Pouch <1 <1 <1   
Syringe Tube <1 <1 <1   
Cap-Shure <1 <1 <1   L
ab
o
rato
ry
 
Kraft stock Envelope <1 <1 <1   
Plastic Bag <1 <1 <1   
Glassine Envelope <1 <1 <1   
Tyvek Envelope <1 <1 <1   
Knife Pouch <1 <1 <1   
Syringe Tube <1 <1 <1   
Cap-Shure <1 <1 <1   
 
3.2.6 DNA Testing 
The Quantiflier® Trio Kit allows an analyst to determine the concentration of 
human DNA and male human DNA, as well as how degraded the human DNA is. Since 
this study did not involve mixtures, the concentration of male DNA was not considered. 
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Instead, the focus was placed on the concentrations of small autosomal DNA and large 
autosomal DNA detected. The small autosomal target identifies an 80 base segment of 
DNA, while the large autosomal target identifies a 214 base segment. The small autosomal 
target is the primary target used to quantify the human DNA present, as it is more suitable 
to identify degraded samples. The purpose of the large autosomal target is only to 
determine the degradation index, as samples that are degraded likely will not anneal with 
this target (20). 
A degradation index (DI) can be determined by dividing the concentration of small 
autosomal DNA by the concentration of large autosomal DNA. The manufacturer states 
that a DI of less than one indicates that the sample is not degraded and that a DI of one to 
ten indicates moderate degradation. In this study, all but one sample had a DI less than 1. 
The one sample that had a value over one, 1.497, was on a swab that was packaged in a 
syringe tube stored in the vehicle. Because this sample was found to have bacteria, and this 
type of packaging contained the most humidity for the longest period of time, it is not 
surprising that this sample’s DNA would be degraded. However, because this value is on 
the lower side of the one to ten range that indicates degradation, it is probable that a full 
profile could still be obtained. Alternatively, it is also possible that some DNA degraded 
past the point at which the small autosomal target could detect it, however, the samples 
were not carried through capillary electrophoresis to determine if a full profile could be 
obtained.  
A validation study by Vernarecci et al. compared the DI to the degradation observed 
in the DNA profile.  They found that the DI gave an accurate representation of the amount 
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of degradation that was seen when comparing the ratio of the peak heights of short tandem 
repeat loci that were around 80 bases and 214 bases. The comparison demonstrated a linear 
relationship, which led to their conclusion. Additionally, in the validation study, DI values 
less than 1.5 were considered to be non-degraded (63). Using these parameters, all the 
samples tested in this study fall into the non-degraded category. Therefore, not even plastic-
-which almost all forensic publications say to avoid when packaging biological samples--
adversely affected the samples in this study in a significant way.  
 
3.3 Transfer Study 
Although one of the major issues considered when determining what packaging 
material to use is whether or not degradation to the sample will occur, another thing that 
should be considered is if it the evidence will truly be contained. For example, if two items 
of evidence are packaged, sealed and placed in the staging area at crime scene, but the 
packaging does not form an adequate barrier and some of the sample transfers through to 
the other item, cross-contamination can occur, decreasing the value of the evidence. A 
study by Goray et al. showed that DNA can transfer from the sample to the packaging 
material (64), yet they did not consider whether it remained contained within the packaging 
material. Another study found that an acceptable STR profile, defined as four or more 
STRs, could be produced in 64% of 226 single cell samples amplified with PCR (65). 
Therefore, even the smallest amount of transfer between evidence could be detrimental to 
a case. 
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 This study explored the transfer of 2 mL of blood from a washcloth to the packaging 
and surrounding surfaces. Bovine blood was used for this study as large volumes could 
easily be obtained and the Kastle-Meyer test could still be used for testing purposes.  With 
all of the opaque packaging types, the blood was visible from the outside of the packaging. 
The Tyvek® had small spots of blood visible from the outside of the packaging (Figure 
12), however, when a swab was rubbed over these spots, no transfer of the stain to the swab 
was visible, and this swab as well as the Kimwipe® pressed to the outside of the packaging 
tested negative for the presence of blood. Further testing may be helpful to determine if a 
larger volume of fluid increases the presence of these spots and causes more liquid to soak 
through even though the manufacturer states that it does not allow the passage of liquids. 
Similarly, the blood was visible from the exterior of the knife pouch (Figure 13) but when 
rubbed with a swab, no transfer of the blood to the swab was observed.  This swab, as well 
as the Kimwipe® pressed to the outside of the packaging, tested negative for the presence 
of blood using the Kastle-Meyer test.  The manufacturer states that the exterior of the 
material is impermeable and the findings of this study concur (14).  
 
 
Figure 12: Blood Visible on Exterior of Tyvek®. Small spots of red-brown coloration were observed on 
the exterior of the Tyvek® packaging. The image on the right shows these spots at 40x magnification. A 
clean swab was rubbed on the exterior of the packaging over the spots and no transfer to the swabs was 
observed.  
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Figure 13: Blood Visible on Exterior of Knife Pouch. A large spot with a dark coloration was observed on 
the exterior of the knife pouch.  The image on the right shows these spots at 40x magnification. A clean swab 
was rubbed on the exterior of the packaging over the visible stain and no transfer was observed.  
 
The paper envelope and one of the glassine envelopes tested visibly transferred 
blood to the surrounding surfaces (Table 8). The paper was obviously saturated and 
transferred to the Kimwipe®, which was directly next to the paper envelope, and to the 
first layer of bench paper (Figure 14). Therefore, the recommendation not to package wet 
biological samples in paper due to the potential for cross-contamination (3) to an adjacent 
package was affirmed. The glassine envelope only had a pinpoint sized transfer to the 
Kimwipe® applied to the package exterior. However, when another glassine envelope was 
tested, no transfer was visualized. Therefore, it is unclear as to whether the first envelope 
tested may have had a pre-existing small rupture in it or if the moisture compromised the 
structure of the glassine paper. The glassine envelopes tested were newly removed from 
the manufacturer’s packaging and nothing was done to it to cause it to have a tear. 
Therefore, if glassine envelopes are produced with small tears or holes in them, they are 
not highly recommended either. Additionally, while some sources state greaseproof paper 
is a nonporous paper that is produced from a pulp with extremely broken up fibers (66, 67), 
another source states that greaseproof paper itself is not moisture-proof but provides a good 
surface for moisture proof coatings to be applied (68). Similarly, a distributer of glassine 
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envelopes for forensic use has information on its website stating that these envelopes are 
breathable, which, by the very definition of nonporous, seems contradictory (4).  
With all of the packaging materials, excluding the plastic and the knife pouch, the 
surrounding Kimwipes® and bench paper became wrinkled due to some of the moisture 
leaving the packaging. To ensure that blood was not transferred to surrounding materials 
without being visible, the outer most layer of Kimwipe® or bench paper was tested with 
the Kastle-Meyer test. The Kastle-Meyer test was negative with each packaging material, 
therefore, any chemically detectable transfer of blood could also be visually identified. 
Unfortunately, with evidence that contains fluids such as semen, saliva, or even diluted 
blood, this transfer might not be as obvious.   
 
Figure 14: Blood Transferred Through Paper Packaging. The blood on the washcloth soaked through the 
kraft stock envelope, a Kimwipe®, and onto the first layer of bench paper. The image on the right shows the 
exterior of the envelope at 80x magnification. 
   
 
  
 
 
 
 
Table 8: Transfer of Blood to Surrounding Bench Paper. The paper surrounding packaged blood samples were observed for the presence of moisture 
and blood. Columns labeled Top1-4 and Bottom1-4 indicate the layer of bench paper outside of the packaging material; numbers increase as the bench 
paper moves further from the packaging; TopK and BottomK are Kimwipes® on top and below the packaging; Top and Bottom indicate the surfaces of 
the packaging itself.    
 Top4 Top3 Top2 Top1 TopK Top Bottom BottomK Bottom1 Bottom2 Bottom3 Bottom4 
Kraft 
stock 
Envelope Wrinkled Wrinkled Wrinkled Blood Blood Blood Blood Blood Blood Wrinkled Wrinkled Wrinkled 
Plastic 
Bag 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
Blood 
visible 
Blood 
visible 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
Glassine 
Envelope 
-1 Wrinkled Wrinkled Wrinkled Wrinkled Wrinkled 
Wrinkled- 
blood 
visible Blood Blood Wrinkled Wrinkled Wrinkled Wrinkled 
Glassine 
Envelope 
-2  Wrinkled Wrinkled Wrinkled Wrinkled Wrinkled 
Wrinkled- 
blood 
visible 
Wrinkled- 
blood 
visible Wrinkled Wrinkled Wrinkled Wrinkled Wrinkled 
Tyvek 
Envelope Wrinkled Wrinkled Wrinkled Wrinkled Wrinkled 
Wrinkled- 
blood 
visible 
Wrinkled- 
blood 
visible Wrinkled Wrinkled Wrinkled Wrinkled Wrinkled 
Knife 
Pouch 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
Blood 
visible 
Blood 
visible 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
No 
observable 
difference 
4
9
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4. Conclusions 
There are a number of different packaging materials being produced and marketed 
for the use of forensic scientists. This study conducted a comparison of seven different 
types of packaging materials and their suitability for wet biological samples.  
To maintain the integrity of the different analytes and, ultimately, the DNA in 
biological evidence, it is imperative that the sample is able to dry. When considering the 
ability of a biological sample to dry post-packaging, determining if prolonged humidity is 
present in the sealed packaging is certainly helpful.  This study found that the kraft stock 
envelope, glassine envelope, and Tyvek® envelope did not maintain humidity levels likely 
to induce sample degradation. In contrast, the plastic bag, evidence tube, and knife pouch 
all maintained a relative humidity of at least 20% at some point over the two weeks after 
packaging.  
However, large amounts of degradation were not produced by any of the packaging 
materials. Each of the screening, presumptive, and confirmatory tests run on the samples 
was positive. Bacteria were observed in a number of the specimens, but did not affect the 
samples in any observable manner. Additionally, based on DI values obtained from the 
week 6 samples, none of the packaging materials affected the likelihood of obtaining a 
DNA profile.  
When considering contamination, however, the paper and glassine were determined 
to be inferior for packaging wet biological samples. The blood sample transferred from the 
original substrate, through the paper and glassine packaging and onto surrounding surfaces; 
all of the other materials successfully contained their sample within the package. Tyvek® 
  
51 
 
envelopes were determined to be an optimal packaging material for wet biological samples 
when compared to the other packaging materials used in this limited study due to their 
relative strength, ability to allow fluids to air dry and the lack of penetration of wet blood 
to the exterior surface.  
 
4.1 Further Studies 
 The degradation study used low volumes of highly concentrated samples. 
Rerunning the tests using a higher volume of the body fluids may alter the results because 
a longer drying time would be necessary. All of the specimens tested in the degradation 
study were no longer wet upon removal from the packaging. Hence, all of the samples were 
likely dry within one week’s time regardless of packaging material. Therefore, the small 
amount of degradation seen in this study could be due to the small amount of moisture 
present at the time of packaging. If water is present for a longer period of time, it is possible 
more degradation will occur. Additionally, the blood used in this study was neat and the 
semen was used at a 1:5 and a 1:2 dilution. This study used testing methods capable of 
identifying blood and semen at much higher dilutions (lower concentrations). Because of 
the sensitivity of the tests, it is possible that some percentage of the hemoglobin, AP, or 
p30 degraded, but there was still ample amount to obtain the positive result. A similar 
explanation may account for the low degradation index values calculated for the DNA 
samples. There was such a high concentration of DNA that if only a small portion was 
degraded, it may go undetected. In a forensic setting, it is likely to have to collect a heavily 
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soiled piece of evidence or a more dilute biological fluid, so understanding how these 
packaging materials affect these types of samples is of utmost importance.  
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